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The motives which lay behind the Egyptian practice of mummification have been a source of interest for over two thousand years. St Augustine, in his sermon 'De Resurrectione Mortuorum', remarks: 'I suppose then that the only people who believe in the resurrection are the Egyptians, who carefully preserve the bodies of the dead'. Diodorus Siculus believed that their purpose was to preserve the identity of the dead for the edification of the living. 'By which means, many of the Egyptians laying up the bodies of their ancestors in stately monuments perfectly see the true visage and countenance of those that were bur'ied many ages before they themselves were born. So that, in viewing the proportion of every one of their bodies and the lineaments of their faces, they take exceeding great delight'. In this he was mistaken.
Bellonius, writing in 1553, states that: 'ThI Egyptians, who believed in the resurrection of the dead, made great efforts to preserve in their bodies their constituents of air, earth, fire and water'.
The inscriptions and papyri of Egypt, more particularly the recensions of the Book of the Dead, contain references to eight individual entities which together made up the soul. The Sahu, or spiritual body, was dependent on the temporal body, the Khat, and this interdependence involved the other parts of the soul also.-An inscription on the wrappings of the mummy of Thutmosis III, taken from the 154th chapter of the Book of the Dead, reads: 'Hail to thee, 0 my father Osiris, I have come and I have embalmed this my flesh so that my body (Khat) may not ,decay'. The other parts of the soul, also dependent on the Khat, were the Ka or spiritual double, the Bai or blessed part of the soul, the Khaibit or shadow, the Ab or heart, the Ren or name of the man, and the Khu and Sekhem which were the intelligence and vital force of the spirit. It was therefore essential that the physical body should be. preserved, and mummification thus became a necessity.
The Rubric of the 31st.chapter of the Book of the Dead summarizes the tpurpose of mummification: 'He shall come forth by day, he shall rise up to walk upon the earth among the living, and he shall never fail and come to an end, never, never, never'.
The technique of mummification: The Egyptians
wrote surprisingly little about their methods of mummification and most of our knowledge of the process is derived from accounts by Herodotus and Diodorus Siculus, taken in conjunction with findings in mummies at the present time. The papyrus of the Ritual of Embalming, the Rhind papyri and the inscriptions from the tombs of Thoy and Amenope give some information also, as do references by Porphyry, Plutarch, Strabo and Pliny. The methods used varied in different periods, but reached their highest development in the XXI Dynasty (about 1090 B.C.). The whole process, including the ritual bandaging, took exactly seventy days, neither more nor less, of which between thirty and forty were devoted to the actual embahning of the body.
The brain was first removed through the nostril, an opening-, being made through the ethmoid plate which frequently transgressed the sella turcica. The abdomen was then opened, either through a left paramedian incision, or sometimes one approximating to a Rutherford Morison incision, invariably on the left which was the side appropriate to death. (The Secret Book of the Physician, found in the Papyrus Ebers and the Berlin Medical Papyrus states: 'The Breath of Life enters into the Right side, and the Breath of Death enters into the Left side.') The abdominal viscera were removed, with the exception of the kidneys. The diaphragm was then incised from within the abdomen and both lungs were removed, leaving the heart in situ. It is no easy matter to remove the right lung through a left abdominal incision, and sometimes the heart was removed in error, but when this occurred it was always restored to the chest. The body was then treated with natron, possibly dry, or possibly in solution in a bath or jar. The viscera were also washed in natron. (Natron is a naturally occurring mineral, found in three main sites in Egypt, and consisting largely of sodium carbonate, sodium bicarbonate and salt in varying proportions.) Before the XXI Dynasty the viscera were placed in four Canopic jars, each bearing the head of one of the four Children of Horus into whose care the viscus was entrusted. After the XXI Dynasty the viscera were restored to the abdomen in four parcels, each of which contained a wax image of the appropriate deity. The human-headed Imsety was protector of the liver, the jackal-headed Duamutef guarded the stomach; Hapi, with the head of an ape, was custodian of the lungs and Quebeh Snewef, who was hawk-headed, protected the intestines. (The term 'Canopic' is derived from the legend that Canopus, the pilot of Menelaus, was buried in the town of Canopus on the Delta, and worshipped there under the form of a jar.)
The body cavity was then packed. Various materials were used, all having a spiritual significance. Sawdust, particularly from cedar wood, resin, linen and mud from the Nile, the source of life, being the commonest. The outline of the limbs, trunk and face was restored by subcutaneous packing through small incisions. A mixture of fat and natron, resin, linen or mud was used for this. The skin was rubbed with ointments, probably aromatic preservatives, such as myrrh, frankincense and cinnamon, made up in a fatty base. The embalming incision was usually left open and sealed with a plate made of wax, copper or gold, on which was engraved the Eye of Horus, but occasionally it was closed with a running suture of linen. The body was bandaged, prayers and ceremonies accompanying the application of each wrapping. It is to this process that the Ritual of Embalming is devoted.
The word 'mummy' is derived from the Persian Mumia or Mumiya meaning pitch. The term 'mum' has also survived in both Coptic and Arabic meaning wax, and in Arabic Mumia denotes a preserved body. Our presenth usage of embalmingfrom the Latin in balsamumis more appropriate, balsam connoting a resin which was one of the principal preservatives used by the Egyptians. The methods of study of mummies: There is no doubt that mummies have deteriorated considerably during the last two thousand years. A Ptolemaic papyrus refers to a tomb robbery in which the door of the tomb was left open, and 'the well-preserved bodies had suffered from wolves, which had partly devoured them'. No modern wolf would be tempted by a mummy and it is doubtful if the standards of archaic wolves differed much from those of to-day.
There is also no doubt that the unwrapping of a mummy, or even unsealing the coffin, affects it adversely. The Ramesside mummy in Leeds was partly dissected in 1827, by Richard Hey, but at the present time it is hard, dry, friable and brittle, and any dissection would be quite impossible. In a Ptolemaic mummy dissected by Granville in 1825 the viscera are still preserved, but are reduced to dry fragile tissues, which crumble on handling. However, soft-tissue pathology can frequently be recognized, and bony pathology remains relatively unaltered. The radiographic appearance of bones is virtually unaltered, and Harris's lines can even be recognized on occasion. Histology: Early attempts at preparing histological sections were unsuccessful as the tissues were far too hard and brittle to cut dry, and far too soft and jelly-like!' when rehydrated with saline, but some fifty-five years ago Ruffer (1910) combined a hardening agent, such as formol, with the rehydrating solution. By this means the tissues regain their original consistency and are fixed at the same time. After a few days' treatment they can be embedded, cut and stained like fresh material. One of the most successful demonstrations of this took place in 1909 when Shattock presented sections of the Pharaoh-Meneptah before this Society. This rehydration of the tissues forms a curiously close parallel with the ceremonies of lustration, by which moisture was restored to the mummy, and therefore to the Sahu, immediately before burial.
The histological appearances vary immensely. Occasionally very good definition is obtained, but nuclei and cell details are rarely seen. The collagen tissues are invariably the best preserved. Inflammatory changes can be demonstrated histologically, the best example being the pneumonic changes shown in the lung of a New Empire mummy by Shaw in 1938, but, to the best of my knowledge, no new growth has ever been described.
Pathological Changes in Mummies
It is worth noting that the pathological changes found in the mummy or Khat did not persist into the hereafter to affect the spiritual body or Sahu. The 69th chapter of the Book of the Dead, from the papyrus of Mes-em-neter, reads: 'I have become a spirit, I have been judged, I have come and I have avenged mine own body. I have taken up my seat by the divine birthchamber of Osiris and I have destroyed the sickness and suffering which were there. I have become mighty, and I have become a divine being'. The 'birthchamber of Osiris' probably refers to the embalming chamber, or to the tomb, where the soul, identified with Osiris, is liberated, the disease which caused death being avenged and destroyed.
A brief review of some of the better known pathological changes found in mummies is given here.
CongenitalLesions
Hydrocephalus: The Royal College of Surgeons possesses a skull which shows unequivocal changes of hydrocephalus (Fig 4) . This forms part of the Nubian collection which is a tribute to the work of the late Professor Wood-Jones. The mummy was that of a young woman. The circumference of the skull is 65 cm. Two other doubtful cases exist. The first is that of the mummy of Smenkere, originally thought to be that of Akhenaton, which both Smith (1912) and Ferguson believed to have hydrocephalus. Their opinion, however, has not been altogether upheld by subsequent examination. The circumference of the skull is 54 5 cm. The second is that of one of the daughters of Akhenaton, a small statue of whom strongly suggests the presence of hydrocephalus. It is known that one of his daughters, Meketaton, died at the age of 9.
Talipes: The earliest known case dates from the XII Dynasty, (2000 B.C.) . The left foot of the mummy of Khnumu Nekht, now in Manchester, shows a gross adduction deformity (Fig. 5 ). The ankle-joint is normal and there is no trace of secondary arthritis. The Pharaoh Siptah suffered from a marked equinovarus deformity, also of the left foot, but it is interesting to note that this is not reproduced in contemporary portraits.
Bilateral parietal thinning was noted by Egyptologists many years ago and has recently attracted the attention of radiologists as a contemporary phenomenon (Steinbach & Obata 1957) , although the fact that both were concerned with the same entity has not been appreciated. The condition consists of a symptomless depression over both parietal bones, associated with thinning of the bones chiefly affecting the outer table. Egyptian examples are seen in the mummies of Thutmosis III and Meritamon, in the New Empire period, and in Khety, from the Middle Kingdom, whose skull is in the British Museum (Fig. 6 ).
Hernia: The hundred and sixth column of the papyrus Ebers reads: 'If thou examinest a swelling of the coverings of his belly's horns, above his pudenda, then shalt thou place thy finger on it and examine his belly, and knock on thy fingers; if thou examinest his ... that has come out and hast risen by his cough, then shalt thou say concerning it: it is a swelling of the covering of his belly, it is a disease which I will treat. It is heat on the bladder in front in his belly which causes it to fall downwards, and the return is likewise. ' We have no conclusive objective evidence of hernia in mummies, but the scrotum of Rameses V is very bulky and obviously contained either a hernia or swelling associated with the testis. The scrotum of the Pharaoh Meneptah was removed before the process of embalming was completedan exceptional procedureand may have contained a strangulated hernia.
Inflammatory Lesions
Otitis media and mastoiditis: The medical papyri contain many references to remedies for painful and discharging ears, and many examples of apparent mastoid disease are seen in mummies.
However, these changes must be accepted with reserve, as they can be mimicked extraordinarily closely by the attacks of insects on the mummy. Petrie even went so far as to consider whether the changes were anthropophagic, and Fourget and Lortet both attributed them to syphilis. It was left to Elliot Smith (1908) to point out the true nature of the lesions. The Egyptians themselves, however, were under no delusions as to the cause of the destruction. The 36th chapter of the Book of the Dead is devoted to the means of driving away the insect Apshait. The chapter begins: 'Depart from me, 0 thou who hast lips that gnaw, for I am Khnemu, the lord of Peshennu . . .' Pneumonia: The viscera of the mummy of Har Mose, of the New Empire period, show unequivocal changes of pneumonia when examined microscopically (Shaw 1938). Ruffer (1910) has described two cases of pneumonia, one showing hepatization, both confirmed histologically. Appendicitis: As might be expected, evidence of appendicitis has not been found in embalmed bodies, where the viscera were removed. One case, in a Byzantine body, is known. The appendix was firmly adherent to the left side of the pelvis. Smallpox: The mummy of Rameses V shows a papular eruption over the face, lower abdominal wall and thighs, which is compatible with a diagnosis of smallpox. A similar case in a mummy of the XVIII Dynasty is described by Ruffer & Ferguson (1911) who obtained histological sections of the skin and demonstrated the vesicles with their characteristic vertical septa. Pott's disease: Many examples of Pott's disease are known from most periods of Egyptian history. The finest is probably that of a Priest of Amon of the XXI Dynasty, showing a typical gibbous deformity and a right psoas abscess. Although Egyptian bacteria are usually well seen in histological sections, it is curious that no acid-fast bacilli have ever been described, although attempts to demonstrate them have been made. Leprosy: There is little evidence to suggest that leprosy was common in Egypt. The Nubian collection contains one excellent specimen, dating from Coptic times, of the hands and feet of a body affected by advanced leprosy. Bilharzia: This probably corresponds to the aaa disease of the medical papyri. Certainly heematuria was frequently mentioned, although very few details are given which would give a clue to its cause. The presence of bilharzial ova was demonstrated by Ruffer in 1910 in the kidneys of two mummies of the XX Dynasty. Some years earlier, in 1905, Shattock had specifically searched for ova in a vesical calculus, but had failed to find them. Steuer & Saunders (1959) , relate the hematuria of aaa disease to the parasite hrr.t, which they believe was recognized by the Egyptians as the causative agent. The evidence for this, however, is not entirely conclusive.
New Growths
New growths in Egypt were rare, as judged by the objective evidence found in mummies, and also by the references in the medical papyri. In the latter, the 'Tumours of the god Chonsu', although extremely obscure, are at least compatible with a diagnosis of multiple secondary deposits, and the injunction that they are not to be treated supports this suggestion. This rarity may in part be due to the relatively low life expectancy in Egypt. In a series of 45 mummies of the New Empire period the life expectancy averaged thirty-nine years. (In spite of this, the traditional limit of life in Egypt was 110 years, corresponding to the Biblical three score years and ten. It was a common custom to express the wish that a person might attain that age, although to exceed it was improper.) Osteochondroma: Fig 7 shows a lesion in the femur of an Old Kingdom mummy which has previously described (Smith & Dawson 1924) as an osteogenic sarcoma. However, the lower femoral epiphysis is fused, and the bone shows no evidence of periosteal reaction, nor does the growth show any spiculation. The evidence points to a diagnosis of osteochondroma rather than sarcoma. Ovarian cyst: In 1825 Granville dissected a female mummy, the results of which he reported to the Royal Society and whose cesophagus is shown in Fig 2. The abdominal skin was wrinkled, suggesting either a large cyst or ante-mortem ascites, and the cause of death was given as follows: 'The ovarium and broad ligament of the right side were enveloped in a mass of diseased structure, . . . the uterus was larger than normal while the remains of a sac were found connected with the left ovarium, all of which, connected with the appearance of the abdominal integuments, leave no doubt of ovarian dropsy having been the disease under which the individual suffered.' This may well have been bilateral malignant cystadenomata of the ovaries. Meningioma: Professor Lambert Rogers (1949) has described two excellent examples of meningiomata dating from the I and XX Dynasties. Both skulls show hyperostoses typical of the condition. Unfortunately no soft tissues survive. Other tumours: Carcinoma of the rectum and ethmoid have both been described in Byzantine bodies, the evidence being largely that of bony destruction of the skull and sacrum.
Degenerations
Atheroma: There is no doubt that atheroma was extremely common in Egypt. The mortuary inscription of Weshptah, who was architect, vizier and chief justice to the Pharaoh Neferirkere in the V Dynasty, describes his death, which was in all probability due to cerebral hemorrhage. The Pharaoh was inspecting a new temple. 'Then, lo, his majesty praised him because of it. His majesty saw him, however, that he heard not. He was conveyed to the court and his majesty had the royal children, companions, ritual priests, and chief physicians come. His majesty had brought for him a case of writings. They said before his majesty that he was lost (i.e. in extremis).'
The papyrus Ebers refers to hemiplegia, and an association between disease of the 'vessels of the thigh' and foot conditionspossibly gangreneis noted; this association may be quite fortuitous. The mummies of Meneptah and Rameses II both show evidence of gross atheroma, the latter having calcified superficial temporal arteries. Ruffer (1911) has described the appearance of the arteries in a series of 24 mummies, the majority of which showed gross atheromatous changes, some having completely calcified limb arteries.
Calculi: One example of gallstones is known: the liver of a priestess of Amen of the XXI Dynasty, shows a beautifully outlined gall-bladder, packed with stones. Vesical calculi have been recorded occasionally. Ruffer (1910) described mixed phosphate and uric acid stones in a predynastic body, the largest weighing 30 g. A uric acid stone, found in the mummy of a priest of Amen of the XXI Dynasty, was analysed by Shattock (1905) and found to consist of uric acid. Three cases of renal calculi have been described. Gout: One excellent example of gout, in a Coptic body, is known. The feet show gross changes in all the joints, which are associated with gouty tophi. These were first analysed by Schmidt in 1908 and a further analysis last year confirms the presence of uric acid and urates. Bedsores: The mummy of an elderly priestess of Amen of the XXI Dynasty has large bedsores over the buttocks and shoulders. These have been covered by the embalmers with pieces of soft leather, probably gazelle skin. As the mummy was wrapped before leaving the embalming chamber it is reasonable to suppose that this was done for the benefit of the dead rather than the living, the interdependence of the Khat and Sahu again being demonstrated. The 'skin graft' is curiously reminiscent of one of the Gaelic legends of Finn Macoul, who applied a sheepskin graft to the back of Conan after an injury, who 'ever afterwards grew wool there'.
Ankylosing spondylitis was very common throughout Egypt, but was not confined to the Egyptians.
Nearly every skeleton of the men of Alexander's army buried at Alexandria shows some evidence of the condition; 40% of these were Thracians, and the rest of mixed origin.
Diseases Notable by Their Absence
The extraordinary lack of malignant epithelial tumours has been noted. There is no evidence of syphilis in Egypt, and it is now generally accepted that the disease, as we know it, did not exist there. There is also no recorded instance of hallux valgus in either Egyptian mummies or portraits; this is undoubtedly related to the wearing of sandals rather than shoes, the Egyptian sandal having a strap between the first and second toes.
Acknowledgements: Fig 7 is reproduced from Smith & Dawson (1924) Our dates are brief, and therefore we admire What thou dost foist upon us that is old, And rather make them born to our desire, Than think that we before have heard them told. -W. Shakespeare. In the early years of this century before the First World War, a member of the Geological Museum staff in Cairo, M. Fourteau (1920) , was digging near Hateyet-el-Moghareh, a lake of the Mariut desert, when he found part of the remains of a crocodile. The specimen, probably Tomistoma dowsoni, was lying in a Burdigalian stratum of the lower Miocene period and was at least -900,000 years old. It consisted of two vertebrn which might have been the last lumbar or first caudal vertebra and showed thick bands of osseous tissues, obviously pathological, firmly binding the two vertebre together. Sir Armand Ruffer (1921) , who subsequently examined the specimen, concluded that 'the pathological lesions which crippled the vertebral column of a crocodile living not less than 900,000 years ago are exactly similar to those of spondylitis deformans seen in modern human beings'.
By a coincidence a similar finding occurred in the early 1920s, when Dr Moodie found in the Pleistocene of Cuba some vertebre of another moderate sized crocodile. In this specimen he describes 'a deforming arthritis, a typical example 23 of spondylitis deformans, occurring in the posterior thoracic and lumbar regions.' (Moodie 1931).
The disease described in the pre-historic remains of crocodiles has also been found in many other animals, including a cave bear (Ursus spelaeus) collected from the Sundrich caves near Iserlohn by Saak in 1824 (Ruffer 1921) , sheep and oxen of ancient Egypt, and the sacred monkeys of its ancient temples at Thebes. In all these typical ossification of the vertebral ligaments was seen identical with that occurring in human beings suffering from spondylitis deformans (Ruffer 1921) The situation is summarized by Moodie (1923 Moodie ( , 1931 who writes 'apes, cattle, horses, the giant wolf, the sabre-toothed tiger, camels, eocene mammals, crocodiles and dinosaurs have all left evidence in their skeletons of an ankylosing spondylitis which in their lifetime thousands of years ago must surely have severely limited their movement and caused them considerable pain'. 'Thousands of years ago' is an understatement, for some of the animals he mentioned lived at least a million and a half years ago. They were discovered in 1911 by Merriam in the South Californian Pleistocene at Rancho la Brea, preserved there by the tar lake in which they had originally been trapped. Others, the dinosaur for example, lived in the Mesozoic era. The disease is known to have existed in the Triassic period and the remains of one animal with spondylitis deformans were recovered from the Comanchean of Wyoming. I examined the fossil amphibians and reptiles in the Natural History Museum to try to verify some of these observations. This wonderful collection is so well displayed and many of the animals are so big that by walking round one can inspect the backbone and pelvic girdle very thoroughly. I found that only a few of them had spinal osteoarthritic outgrowths, but one was most interesting. This was the fossilized skeleton of an armoured dinosaur, Polacanthusfoxi. It is a British dinosaur, excavated in the Isle of Wight in 1865. The armour consists of a series of spines along the neck and tail and a heavy bony plate on the back. 'Beneath this plate, about the middle of the backbone, five or six of the vertebrn are united by what must have originally been calcification of the spinal ligaments. They have that same bamboo-like appearance, though fossilized and probably 140,000,000 years old, which one associates with ankylosing spondylitis. The opinion of the Keeper, Dr Swinton (1958), however, is that it may also have been a normal development, comparable to fusion of the sacral vertebrv in man occurring to provide increased strength of the spine beneath the armour.
It is not easy to envisage at what periods in the
